Callus cultures of Juniperus virginiana L. (varieties 'Hetzii', 'Glauca', 'Grey Owl') were derived from fresh leaves of garden-grown trees on Schenk and Hildebrandt medium supplemented with 3.0 mg/L of α-naphthaleneacetic acid, 0.2 mg/L of kinetin and 15 mg/L of ascorbic acid. The growth characteristics of one-year-old and two-years-old cultures were determined. The maximum biomass in all varieties was achieved on the 35 th day of the cultivation period. The increase in fresh weights of two-years-old callus cultures, when compared with one-year-old callus cultures, was as follows: variety 'Hetzii' by 25%, variety 'Glauca' by 29% and variety 'Grey Owl' by 49%. J. virginiana suspension cultures (varieties 'Hetzii', 'Glauca', 'Grey Owl') were derived from two-years-old callus cultures on Schenk and Hildebrandt medium supplemented with 3.0 mg/L of α-naphthaleneacetic acid, 0.2 mg/L of kinetin and 15 mg/L of ascorbic acid. The maximum biomass of all varieties was found on the 21 st day of the cultivation period. These results indicate that a sub-cultivation interval of 35 days for callus cultures and of 21 days for suspension cultures can be recommended. The callus and suspension cultures of J. virginiana of the variety 'Glauca' have the best survivability and thus provide the most biomass.
Juniperus virginiana L. (Cupressaceae) produces the anti-cancer lignan podophyllotoxin. The concentration of podophyllotoxin in red cedar needles varies from 0.11% to 0.36%. Although the concentration of podophyllotoxin in J. virginiana is much lower than that in Podophyllum species, J. virginiana is a perennial evergreen tree with much higher biomass production, greater ecological adaptability, and year-round availability. In addition, J. virginiana leaves (needles), containing podophyllotoxin, are widely available as one of the timber industry's by-products [1] [2] [3] . Podophyllotoxin is the preferred precursor for the semi-synthesis of the anti-cancer drugs etoposide, teniposide and etopophose. The availability of this lignan is becoming increasingly limited because of the scarce occurrence of its natural sources and also because synthetic approaches to its production are still commercially unacceptable. Since the chemical synthesis of podophyllotoxin is an expensive process, biotechnological production of the compound using plant cell and tissue cultures might be a promising alternative source [4, 5] .
Callus cultures of J. virginiana (varieties 'Hetzii', 'Glauca', 'Grey Owl') were derived from fresh leaves of garden-grown trees. The first calli from sterile leaves were induced 4 weeks after the culturing started. Callus cultures were recorded on Schenk and Hildebrandt (SH) medium [6] . However, calli were not induced on Murashige and Skoog (MS) [7] , Gamborg (B5) [8] and Woody plant (WPM) media [9] . The maximum callus induction (varieties 'Hetzii', 'Glauca', 'Grey Owl' -53.4%, 88.1% and 74.7%) was obtained on SH medium containing 3.0 mg/L of α-naphthaleneacetic acid and 0.2 mg/L of kinetin. However, most of the induced calli quickly turned brownish. The addition of 15 mg/L of ascorbic acid to the medium was most effective in reducing the browning of J. virginiana callus cultures. Yellow-green callus cultures were fragile, friable and showed only slow growth ( Figure 1 cultures, when compared with one-year-old callus cultures, was as follows: variety 'Hetzii' by 25%, variety 'Glauca' by 29% and variety 'Grey Owl' by 49%.
These results indicate that a sub-cultivation interval of 35 days for callus cultures of J. virginiana can be recommended. Variety 'Glauca' had the best survivability and thus provides the most homogenous material.
Muranaka [10] found that the best callus induction from leaves of J. chinensis was obtained on SH medium containing 3.0 mg/L NAA and 0.2 mg/L kinetin, cultivated in the dark. Callus growth was increased about 11-fold during a 42-day period when compared with day one. However, cultivation on this SH medium led to a reduction in the proliferation of calli after five sub-cultivations and, ultimately, the growth came to a complete halt after ten subcultivations. In contrast, the results of this study show that stable and homogeneous callus culture of J. virginiana was obtained after two-years of cultivation under constant conditions (temperature, lighting, the composition of the medium, the frequency of passage). Other studies showed the derivation of callus cultures from J. communis [11] , J. excelsa, J. horizontalis and J. chinensis [12] .
J. virginiana suspension cultures (varieties 'Hetzii', 'Glauca', 'Grey
Owl') were derived from two-year-old callus cultures. 
Induction of callus cultures:
Sterile leaves of J. virginiana were transferred on paper bridges into 100 mL Erlenmeyer flasks containing 30 mL of liquid medium SH [6] , MS [7] , B5 [8] or WPM [9] . Explants were maintained in a growth chamber at 25 ± 2 °C under white fluorescent light (3500 lux) that provided a 16 h light/8h dark photoperiod. To find the optimal concentration of auxins and cytokinins for the proliferation of the callus culture, various combinations of 2,4-dichlorophenoxy-acetic acid (2,4-D) , α-naphthaleneacetic acid (NAA), indole-3-butyric acid (IBA), kinetin and benzylaminopurine (BAP) were added to the media [10] [11] [12] . To reduce the browning of the induced calli, ascorbic acid (15 mg/L, 20 mg/L, 30 mg/L and 200 mg/L) was added to the medium as an antioxidant [13, 14] .
Growth characteristics of callus cultures:
The one-year-old and two-years-old callus cultures of J. virginiana (varieties 'Hetzii', 'Glauca', 'Grey Owl') were cultivated in the SH medium [6] , supplemented with 3.0 mg/L of NAA, 0.2 mg/L of kinetin and 15 mg/L of ascorbic acid at 25°C and a 16-h light/8-h dark photoperiod. The sub-cultivation interval lasted for 25 days. The growth characteristics were determined. Callus fresh weights were determined every 7 days until the stationary phase of growth was achieved (a period of 6 weeks). The cells were separated from the media by vacuuming, rinsed in distilled water and weighed separately.
Growth characteristics of suspension cultures:
The suspension cultures (varieties 'Hetzii', 'Glauca', 'Grey Owl') were derived from two-year-old callus cultures mechanically by shaking in SH liquid
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Natural Product Communications Vol. 11 (5) 2016 683 nutrient medium [6] supplemented with 3.0 mg/L of NAA, 0.2 mg/L of kinetin and 15 mg/L of ascorbic acid. The cultures were cultivated at 25°C, and a 16-h light/8-h dark photoperiod. The subcultivation interval lasted for 14 days. For the determination of the growth characteristics four-months-old suspension cultures were used. Cell fresh weights were determined every 7 days until the stationary phase of growth was achieved (a period of 4 weeks). The cells were separated from the media by vacuuming, rinsed in distilled water and weighed separately.
